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Analysis Motivation

* Loosening the tagger provides a large tagged data sample

— Use in analysis limited by statistics
* New physics searches
» Acquire large double-tagged sample
— Double-tags in top analysis
 Statistically limited sample
* New physics in the double-tagged sample?
— Measure single/double tag cross sections and compare
— Do kinematical analysis of double-tagged events
* Measure top properties
* Improve resolution in top mass analysis
— Less combinations

e Can we control the backgrounds?
- Requires better understanding of mistag

Measure top cross section!



Loose Tagger Top Cross Section

 Measurement procedure similar to blessed tight tagger cross
section

« Event selection similar to tight tagger
— Checked optimization

* |nteresting issues:
— Event b-tagging efficiency Focus on these
— Mistags calculation

e Innovations:
— Each physics process includes mistags for that specific process
— Top b-tag efficiency includes light-jet tags
» Already done before but in Gen5 we use the mistag prediction for this

— Mistags are actually W+light flavor

* Mistags from other processes have been included in the individual
predictions

Tight Tagger Cross Section has adopted the same procedure
(see update at the end)
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SecVtx Tag Efficiency for Top b-Jets

Tagger Efficiency

SecVix Tag Efficiency for Top b—Jets
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jet E (GeV)

et

Quark | Tight SecVtx | Loose SecVtx | Jet Prob (1%)
Raw MC Tagger Efficiency (%)
b 4434+ 0.3 52.3+£0.3 449+ 0.3
c 9.6 4+ 0.2 13.8+£0.3 10.6 £0.2
Data Tagger Efficiency (%)
b 40 5 -+ 2 [ 4856+t 3 5 S0 f 31
c 87+1.2 12.8+1.8 87+15
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20% efficiency increase in data
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Tagger Mistags

JET 50

Secvix Mistag Rates
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Jet T

Negative tag in Jet50 data (%)
Tight Loose Increase

Gend 0.362 £ 0.003 | 1.193 £ 0.005 |  3.3x
Genb 0478 +£0.003 | 1.195 4+ 0.004 | 2.5x

Increase 32 % 0 %
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Events Selection

 Dataset:
— Top group high p; lepton samples
— Same MC samples as for tight cross section

o Standard W + Jets selection:
— Exactly one isolated high-Pt electron (CEM) or muon

(CMUP,CMX)
* p;y>20GeV
— MET > 20 GeV Nothing new
— Applied conversion, cosmic, and Z veto here

— Veto events passing dilepton event selection
— At least 3 tight jets (E; > 15 GeV (corrected), | 7] < 2.0)
— Require lepton and event z-vertex within 5 cm
— Good runs with Silicon
— CEM/CMUP luminosity: 318 pb-1
— CMX luminosity: 305 pb1
e Optimize analysis
— Perform both analysis (as with tight tagger)

‘ Re-evaluate this



Analysis Optimization (Loose Tagger)

Event Ht, Single Loose, No Cut, Signal Region Event Ht, Double Loose, No Cut, Signal Region
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Keep same optimization as with tight tagger

Optimized analysis:
M (W) > 20 GeV
H; > 200 GeV



W+Jets Dataset

>2 Tags

Unoptimized

30628

Optimized

11

4791

9

14

4

>2 Tags

10

7

30283 | 4676 | 324

14

Tags Tight Loose New Events
>1 177 229 31%
> 2 36 59 64%
>1 138 174 29%
> 2 33 54 64%

Unoptimized Optimized
1-jet | 2-jet | 3-jet | 4-jet | >5-jet 1-jet | 2-jet | 3-jet | 4-jet | >5-jet |
Pretag 17648 | 2846 | 469 | 115 19 Pretag 17448 | 2780 | 197 95 13
>1 Tag 447 212 | 78 47 i >1 Tag 442 204 | 52 41 12
>2 Tags 0 20 18 12 2 >2 Tags 0 20 16 11 5
Pretag 12980 | 1945 | 300 | 64 17 Pretag 12835 | 1896 | 127 | 47 16
>1 Tag 283 150 | 49 31 1 2 >1 Tag 280 142 | 28 30 11

4




tt Acceptance

Nobs_kaza
Tt = A€)tt f[,dt 4= Common with tight tagger analysis
€ta € pretag

« Acceptance from ttopel: top mass = 178 GeV

Unoptimized Optimized
1-jet | 2-jet | 3-jet | 4-jet | >5-jet | 3-jet | 4-jet | >5-jet
CEM | 02 [ 11|21 ] 19 ] 06 18 | 18] 06

CMUP | 0.1 0.7 1.4 1.2 0.4 11 11 0.4
CMX 0.0 0.2 0.5 0.4 0.1 0.4 0.4 0 1

Total 8.6% TG
Lepton ID and Trigger Quantities
CEM CMUP CMX
Lepton ID Eff SF 0.996 + 0.005 0.874 + 0.009 0.989 + 0.006 The usual Gen5
Trigger Eff 0.962 + 0.006 0.908 + 0.005 0.965 + 0.004 ..
Total 0.959 + 0.015 0.794 + 0.015 0.954 + 0.016 <:| efficiency and
Luminosity (pb~1) 318.5 £ 19.1 318.5 £ 19.1 305.2 £+ 18.3 Iuminosity
2o Eff 0.951 + 0.003
Lepton Isolation Modeling 1.000 = 0.050
(A 1oy J Ldt =23.6+2.1 pb~! <: Unoptimized

(A g [ Ldt =21.2£2.0 pb~1 (T Optimized
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tt Event Tag Efficiency

tt — _MC
€tag = €tag =X PE
7N
%]CDE . €ev(€bSFb,€cSFc(€p$Fp)
Vi g Nt]wcf Eefv(Eb,Ec,Ep )
—_ ag
etag - NMC Scale Factors
pretag SF, [ 0.927 + 0.066 Scale factor: cdf7480
Ske | 0.927 ?i? 0.132 Twice systematic
Stp - uncertainty for charm

& — cev(@SFyecSFMBFL)
1 Eev(ebaecﬁp)\

Correct mistag prediction in MC

Mistag Matrix Prediction on MC

K=0.88 = 0.23

From Jet50 data/MC mistag matrix prediction ratio

Already used in Gen4/5
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Mistags Matrix

 Mistag matrix blessed on Nov. 2004 (cdf7326)
« Same method we used for Gen4 and Genb tight tagger analysis

o Matrix done with Jet20, Jet50, Jet70 and Jet100 data samples
— Positive and negative tag rates parametrized by:

* Number of tracks in jet
 Raw Jet Et
» Jet phi, Jet eta

 Sum Jet Et of all jets in event with Et > 15 GeV

« What we want?

— Tagging rate in light jets R—I—

_I_

leght
light —— leght

 What do we get?

— Tagging rate in jet samples with contamination from heavy flavor

R™ lzght_r

*)

pred R leght+\NHF/
N”

lzght 7= pred
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Mistags Asymmetry and HF

 The mistag matrix contains HF

 The positive tags contain tags from material and long-lived particles
— Corrected so far using o, (cdfnote 7585)

+
Nlight

XLF — 7= —
le’ght+NHF

N~ ., +N; NT
— — laght HF __ lrg

o X R = « X —
LF pred LE 2 Nyt F¥Nor — NijgneHVup

...l._
Nlight_l_NHF - Nl@' h
— - gnt
p Niight app X B X Ry, Niight

o1 F 1.26 £ 0.22

1] 1.08 & 0.08 <: From Jet50 data and MC
Total | 1.36 & 0.23
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tt Event Tag Efficiency

tt — MC
;. pred
GMC . N%C q)E — Eev(ﬁbSFb,EcSFc@p}VFp )
tag NMC Eev(ﬁb,ﬁc,ﬁp)

pretag

Scale Factors
SFp | 0.927 £ 0.066
SF. | 0.927 £+ 0.132
{ K 0.88 + 0.23

Estimated only for Jet50

!

We are estimating this for all jet samples in mistag matrix

arp | 1.26 &+ 0.22
3 1.08 + 0.08

Apply this Event Scale Factor technique to backgrounds as well



tt Event Tag Efficiency

Unoptimized 1-jet 2-jet 3-jet 4-jet >b-jet
Single-Tag Event Efficiency (%) |39.6 £5.1|58.9+7.0/653+7.6|70.7+8.1|71.9+8.2
Expected Tags (6.1pb) 25103 (199 +24/432+50/41.8+48|13.1+1.5
Double-Tag Event Efficiency (%) - 13.74+24119.0+£3.4|254+£45[269+ 4.7
Expected Tags (6.1pb) - 46 +£08 [126 22150+ 26| 49+ 0.9

Optimized 1-jet 2-jet 3-jet 4-jet >5-jet
Single-Tag Event Efficiency (%) |39.4 £ 5.1]59.0 + 7.0|66.7 + 7.8 | 71.1 £ 8.1 | 72.0 £ 8.2
Expected Tags (6.1pb) 24+ 03 (194 +23|36.7+43|394+45|126+1.4
Double-Tag Event Efficiency (%) - 13.7 £ 241202+ 36(258+45|27.1 +£4.38
Expected Tags (6.1pb) - 45+08 |11.1+£20|143+25| 48+ 0.8

Loose SecVtx Event Efficiency (%)

Hr >0, M} >0 | Hp > 200, M}¥ > 20
> 1-Tag efficiency 68 + 4 69 + 4
> 2-Tag efficiency 23 £ 3 24 + 4
Tight SecVtx Event Efficiency (%)
> 1-Tag efficiency 60 + 3 60 + 3
> 2-Tag efficiency 16 £ 2 16 £ 2
Event Efficiency Gain
> 1-Tag efficiency 15 %
> 2-Tag efficiency 50 %
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Monte Carlo Backgrounds (Electroweak and Single Top)

e Similar method to tight tagger

» Use theoretical cross section to estimate number of

expected events

« Estimate b-tagging efficiency taking into account

mistags

=1 b-tag

=2 b-tags

— M
— Similar to procedure used for the tt tagging efficiency €tag — etag
1-jet 2-jet 3-jet 4-jet >5-jet
WW 41+06 | 794+12(244+04/05+£01| 0.14£0.0
WZ 23+03|139£05(09+£0.1{024+£0.0| 0.0£0.0
/7 00+£00|01£00]01£00[{00£0.0| 0.0£0.0
Single Top (s-channel) | 20 £0.3 | 59+0.8 |1.2£0.2(02+0.0| 0.0+0.0
Single Top (t-channel) | 6.1 £26 | 7.5+£3.2 |1.7£07(03+£0.1| 0.0+ 0.0
Z—TT 08+£02|02£011]01£00[{004£0.0| 0.0£0.0
Total 153+4.0[255+£5862+14]1.14+0.3/0.24£0.07
2-jet 3-jet 4-jet >5-jet
WW 0.1+0.0/0.1 £0.0/0.0££ 0.0 0.0+0.0
WZ 054+0.1/0.2+£00]0.0££00| 0.0£0.0
7 0.0+ 0.0]0.0+£0.0/{0.0£ 00| 0.0#£ 0.0
Single Top (s-channel) | 1.8 £ 0.4|0.4 + 0.1 /0.1 £ 0.0 0.0 £ 0.0
Single Top (t-channel) | 0.4 £ 0.2|0.4 + 0.2 0.0+ 0.0 0.0 +£0.0
Total 29+ 06]1.04+£0.3|/0.24+0.1|0.04 £ 0.02

June 23, 2005

N =0 X €tag X €pretag /‘["'-th

Top Cross Section with Loose SecVitx (Preblessing) -- Joao Guimaraes

18



Non-W Background

Standard I1SO versus MET method
| F:retng Electrons | pre opre
e e Non—W NZT@ N%re

pretags
FNon—WNpretags
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>1 NE
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B
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T ] 2 :
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- + leg 8 e
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Non-W Backgrounds

« Unoptimized, before the ttbar correction

non—W ;pretag

1-jet 2-jet 3-jet 4-jet >5-jet
Electrons
Fron_ v 0.101 £ 0.025 [ 0.129 + 0.033 0.131 + 0.034
N Witag 742+ 254 | 31.8+11.2 [108+4.3|4.6+20|1.0+0.7
N Wopretag | 437 £ 140 | 19.4+£63 | 67+£23 |3.1+13|05+04
N Weaverage | 509 £12.3 | 223 +£55 | 7.6+£20 [3.5+1.1|0.6+ 0.3
Nt W pretag - 06+03 | 05+03 [07+03|02=+0.1
Muons

Fron_w 0.038 £ 0.009 [ 0.045 + 0.011 0.076 £ 0.021
N, Witag 12.8 + 4.5 6.4+22 |51+22 |26+ 1.2[03%0.3
N Wopretag | 14.0 £ 4.5 6.3+24 | 30+13 [21+1.1/06%+0.8

o Weaverage | 13-4 £ 3.2 6.4+16 |35+1.1 [23+08|03+0.2
NTT - 0.1+00 | 04+00 [03+0.1/06+0.3

June 23, 2005
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W+HF Background

e B-Tagging efficiencies, including MC mistags

NW+HF — (Npretag(]- — Fnon—W) — NMC—bkgs - Ntf) (fHF)(Etag)

1-jet 2-jet 3-jet >4-jet

No Hp cut
Wbb, 1 b 41 £ 3|46 +£3 |50+ 4|48 £6
Wbb, 1 b (double) - 1+0 | 2+£1 | 3&££2
Wbb, 2 b - 66 £+ 4|68 4|70 +5
Wbb, 2 b (double) - 23 £3 |24 +£3|29+5
Wee, 1 c 10+ 1|16 2|21 3|29+ 5
Wee, 1 ¢ (double) - O++0 | 0O+£0 | 11
Wcee, 2 c - 203|284+ 4 |28+ 4
Wee, 2 ¢ (double) - 1+£0 | 34+1 | 4+1
We, 1 ¢ 11 +£2|144+£2|19 2|26 Lt 4
We, 1 ¢ (double) - O+0 | 00 | 1+£0
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Mistags Procedure

e Mistags include only W+LF
— All other contributions have already been included

tt NonW WH+HF MC—bkg
- p’l“ed Npre_N —N. _Np'r’e _Np're
N>1 mistag — NZ 7" XappXBX ( e Npre
N _NtZ_NNonW_NW+HF_NMC_bk9
__ arpred +
NZsz’stag—N ,_XO‘LFXBX< t & N_|_+ t



Mistags

o Mistags corrected for ttbar (xs = 6.7 pb)

— Also corrected for all other backgrounds

1-jet 2-jet 3-jet 4-jet >5-jet
Electrons
N~ Predicted 148.2 65.6 21.7 8.0 1.6
Actual Negative Tags 140 74 22 11 2
Corrected Mistags 168.0 £ 20.1 |64.2 £ 7.7|182 £ 22| 46 £ 0.5 | 0.4 £0.0
(NT)~ Predicted - 3.2 2.9 2.1 0.8
Actual Pos-Neg Tags - 3 4 3 2
Corrected Double Mistags - 1.8 & 0.9 1.1 &+ 0.6 0.8+ 04 | 0.3 £0.1
Muons
N~ Predicted 103.8 41.5 11.9 4.7 1.7
Actual Negative Tags 93 48 8 2 0
Corrected Mistags 126.0 £ 15.1 |44.7 £ 54,105+ 13| 24 £ 0.3 | 0.8 £0.1
(NT)~ Predicted - 2.0 1.5 2.0 1.0
Actual Pos-Neg Tags - 3 0 0] 0]
Corrected Double Mistags - 1.2 +4+-06|05+-02]0.6 +-0.3]|0.6 4+-0.3
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Systematic Uncertainties

Hpr >0, M7 >0

Hr > 200, My > 20

Systematic >1 Tags >2 Tags | >1 Tags > 2 Tags
Lepton ID (CEM) 1.6

Lepton ID (CMUP) 1.9

Lepton ID (CMX) 1.7

ISR/FSR 2.0

PDF 2.0

PYTHIA vs HERWIG 1.0

Lepton Isolation 5.0

JES 2.8 4.8 3.8
b-tagging 6.0 13.4 6.0 13.4
Backgrounds 9.4 7.8 6.3 5.0
Luminosity 6.0

Total Sys 14 18 13 17

June 23, 2005
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Top Cross Section (Loose SecVix) -- Unoptimized

oo I >2 b

Inclusive, Loose, No Cut R Double, Loose, No Cut —
2 ; ' ) ' [ Top (8.6 pb) B ' ' (] Top (9.52 pb)
§ i -=--Top ('5-1le] 5 1 N IO DU RU RO PRURUOP - - - Top (6.1 pb)
& T00 |, T T = E.wa?nge Top |_|>J - - EW & Single Top
st'nq - 30_ ] mistags
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll g e g R
I o z 0 Wee
B I = 2 ///// - [ woeb
5 5 77
[ - r I
............................................................................................... @ 20
- S T
: B B
CET T R — 3 158

1 2 3 K 5 2 3 4 ]
Number of Jets Number of Jets
Sample Events tt fraction o(tt)
1. O 1.3
> 1 b-tag 229 60% 3. 6Jr f pb
1 5 2 1
> 2 b-tags 59 85% 9. 5+ + pb




Loose Tagger Cross Section Breakdown Table
(unoptimized — single tag)

| 1-jet | 2-jet | 3-jet | 4-jet | >5-jet
Pretag 30628 4791 769 179 36
Pretag Top 9.01 4+ 0.905 | 48.1 + 4.69 | 93.9 + 9.12 84 + 8.16 25.9 + 2.54
WW 4.1 +£ 0.6 8+ 1.2 2.4 4+ 0.35 | 0.46 4+ 0.069 0.13 + 0.03
wWZ 2.3+ 0.3 3.9+ 0.48 | 0.86 £ 0.11 | 0.18 4+ 0.028 | 0.033 + 0.0079
zZZ 0.04 4+ 0.006 | 0.1 4 0.02 | 0.06 4+ 0.009 | 0.02 4+ 0.003 | 0.006 + 0.002

Single Top (s-ch) 2 £ 0.28 5.9 £ 0.77 1.2 +£ 0.16 0.19 £ 0.028 | 0.027 £+ 0.0057
Single Top (t-ch) 6.1 £ 2.6 7.5+ 3.2 1.7 £0.71 0.28 £ 0.12 0.049 £ 0.023
Z — TT 0.8 £ 0.2 0.2 £ 0.05 | 0.05 +£ 0.01 | 0.005 + 0.001 | 0.001 £ 0.0003

N RarlsAarmnininAdc 1R L 20 7R L R Q A2 1L 1A 11 1L N9OR Nn 5 L N NRAO




Loose Tagger Cross Section Breakdown Table
(unoptimized — double tag)
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28



Top Cross Section (Loose SecVix) -- Optimized

>1btag  [NCOUNGCONINN =2 Ptags

Sample Events tt fraction o(tt)

> 1 b-tag 174 74% 8.8102 155 pb
0 1+1 5 +2 s

> 2 b-tags 54 92%
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Loose Tagger Cross Section Breakdown Table
(Optimized — single tag)



Loose Tagger Cross Section Breakdown Table
(Optimized — double tag)
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Cross Section using Jet Spectrum Fit

Similar to tight tagger fit

70

CDF Loose b-Tag « Likelihood Fit (Stat only)
(318 pb™)

68 1

66

64

-2InL

62 A

60 A

58 1

56 \

June 23, 2005

tt Cross Section (ph)
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Kinematical Distributions

Jet Et Event Ht

Single
Tags

Double
Tags



Kinematical Distributions: Tagged Jets

Tagged Jet Et Tagged Jet Eta

Single
Tags

Double
Tags



Kinematical Distributions

Missing Transverse Energy Event Z-Vertex

Single
Tags

Double
Tags



Kinematical Distributions: Double Tagged

Hadronic WMass Dijet Mass



June 23, 2005 Top Cross Section with Loose SecVix (Preblessing) -- Joao Guimaraes 38



Electrons versus Muons

Electrons Muons
o(tt) 8.9 £ 1.2 (stat) pb 8.6 = 1.3 (stat) pb

Same cross section



June 23, 2005

Additional Cross Checks

Errors are stat only

Cross section: > 4 jets, no HT cut
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Analysis Optimization (Loose Tagger)
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Modifications since blessing

Same mistag procedure as for loose tagger

0.2 pb

Cdfnotes 7486 and 7536 updated
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Optimized Result



New Cross Section Values: Tight Tagger

e Optimized:
~>=ltag 8.8102 155 pb
— >=2tags 87__|_11§ __I_llg pb
e Un-optimized:
~>=1tag 8.913 9 15 pb
— >=2tags 821_1157 __|_1251 pb
e Fit Result:

+0.9 +1.3
8.9 09 —12 PP



Conclusions

* Loose tagger cross section results
— Cdfnote 7699

June 23, 2005

Sample Events tt fraction o(tt)
> 1 b-tag 229 60% 3. 6Jr1 9 +1 3 pb
1 2 1
> 2 b-tags 59 85% 9. 5+ 5 + pb
Sample Events tt fraction o(tt)
> 1 b-tag 174 74% 8.8102 155 pb
> 2 b-tags 54 92% 10. 1_|_1 ° + i pb
Relative Error (%)
Tight Loose
>1 tag 15.8% 15.8%
> 2 tag 27.1% 23.1%

Top Cross Section with Loose SecVitx (Preblessing) --

Joao Guimaraes
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tt Acceptance

* Acceptance from ttopel: top mass = 178 GeV
e Unoptimized

e Optimized
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Dataset (Event breakdown)

e Unoptimized

June 23, 2005
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W+Heavy Flavor

« Heavy flavor fractions (same as tight tagger)
— cdfnote 7007

June 23, 2005

Top Cross Section with Loose SecVix (Preblessing) -- Joao Guimaraes

50



June 23, 2005

Top Cross Section with Loose SecVix (Preblessing) -- Joao Guimaraes

51



Missing Et Optimization



Top Cross Section (Tight SecVitx)

ISR/FSR
Sample Events tt fraction o(tt)
> 1 b-tag 138 81% 8.6+0.9+£1.0pb
> 2 b-tags 33 90% 85+1.6+15pb










